According
to the magnetic domain theory, the magnetization of ferromagnetic materials within the range of initial permeability occurs mainly by domain wall displacement and depends largely on the crystal magnetic anisotropy K, and the saturation magnetostriction meability of Alperm(1), Sendust(2), Permalloy(3), etc. is obtained by minimizing the values lattice formation by an appropriate heat treatment.
In the Ni-Mn alloy system Blanchard et al. (4) and Sato et al. (5) carried out measurements of Kl for the Ni3Mn alloy and nickel alloys containing less than about 30% manganese, respectively, while Taoka et al. (6) and Went (7) and nickel alloys containing less than about 23% manganese, respectively. However, these Recently the present author (8) obtained an initial permeability of 24500 and a maximum permeability of 93000 by slowly cooling NiMn alloys of less than about 24% manganese from temperatures above the order-disorder transformation point after homogenizing treatment in high-temperature hydrogen or by further baking the alloys at temperatures below the order-disorder transformation point. The present investigation was carried out to determine the relationship between permeability and Tamman-Bridgman apparatus for single crystal preparation, these samples were melted in high-purity alumina crucibles of 25mm in diameter and 200mm long at atmospheric pressure of argon to prevent the evaporation of manganese. The melts were cooled by gradually descending the crucibles. The optimum cooling rate for single crystal preparation decreased with increasing manganese content; the optimum rate was about 10mm/hr in compositions of less than about 15% manganese, beyond which it became about 5mm/hr. The dimensions of the single crystals thus obtained were about 25mm in diameter and about 35mm long, and their growth directions were near the <100> direction independently of composition. The single crystals were etched in a boiling saturated ferric chloride solution containing a small amount of nitric acid and their orientations were determined by the light figure method. The crystals were then cut into plates with a thickness of about 2.5mm parallel to the (001) plane. The plates were polished with emery paper and electropolished in a, 9:1 mixture of phospholic acid anhydride and chromic acid. In this way, the disk-shaped specimens about 0.6mm in thickness and about 12mm in diameter were prepared. The error in the inclination of the crystal plane in regard to the (001) stripe-pattern appeared on the surface of the disk-shaped specimens with an equidistance of about 2mm parallel to the <100> direction. Sato et al. (9) have named this pattern the "skeleton structure" , attributing its origin to the difference in manganese concentration. The skeleton structure gives rise to magnetic anisotropy due to the form effect, and its energy in the (001) plane specimens by a prolonged homogenizing treatment at high temperature.
In the present investigation a heat treatment similar to that of Sato et al. was adopted so as to minimize the magnetic anisotropy due to the form effect. In this procedure the disk-shaped crystal specimens were heated in a hydrogen atmosphere purified through a palladium film various heat treatments. The chemical compositions and final dimensions of the specimens are given in Table 1 . Measurements were carried out by the torque magnetometer method. In the magnetometer two kinds of phosphor bronze wire, 0.204 and 0.295mm in diameter, were used with grips to hold down the middle of the wires, so that the measurements could be conducted at four levels of sensitivity. The sensitivity of the thin wire was 6.61 and 17.28dyne-cm/degree, while the sensitivity of the thick wire was 29.37 and 60.20dyne-cm/degree. Since the effect of demagnetizing field on the crystal magnetic anisotropy is very small for those dimensions shown in Table 1 , it is disregarded here. The highest strength of the measuring field was 4000 Oe.
2.
Experimental results Figure 1 shows the torque curves in a number of magnetic fields for the single crystal of specimen No. 6 (22.30% Mn) which was first subjected to homogenizing treatment at high As shown in the figure, the torque curves indicate a complicated variation with field strength. Fourier analysis were then applied to these curves, and the dependence of the 2-, 4-
curve into 1/Hex=0. The torque curves of the alloys containing more than about 20 manganese show a strong dependence on the hardly saturable. This tendency is probably due to the condition of superlattice phase formation and the skeleton structure that is revealed in high manganese-nickel alloys. The torque curves for single crystals of the alloys containing less than about 20% manganese are simple in form temperature. In general the addition of manganese to nickel leads to a rapid increase in Kl up to about 10% manganese and a gentle increase beyond it. The K1 changes from a negamanganese.
The value of K1 does not show a large dependence on cooling rate in composi- tions of less than about 20% manganese, beyond which the value changes with cooling rate and its change becomes most pronounced Figure 4 shows the K1 vs heating time curves for specimen No. 5 (19.50% Mn), specimen No. 6 (22.30% Mn) and specimen No. 7 (24.70 Mn) which were first heated at high temperavariation with baking time when the alloys contain less than about 20% manganese, but at higher manganese concentrations the values are greatly changed not only by the cooling rate before baking but also by the baking time. These results clearly explain that the high permeability which was obtained in previous work (8) for a Ni-20.50% Mn alloy subjected to from the low value of K, Table 2 illustrates the crystal magnetic anisotropies for the single crystals of Ni-Mn alloys which were first subjected to homogenizing treatment at high temperature and Figure 5 shows the magnetostriction vs effective field curves for Ni-Mn alloys (10.20, 14.10, 18 .30 and 20.50% manganese) which were netostriction are almost saturated in an effective field of 900 Oe in compositions of less than about 20% manganese, but at higher manganese concentrations the value appears to be difficult to saturate. Accordingly, the values of magnetostriction in compositions of more than about 20% manganese are approximate ones. Figure 6 shows the saturation magnetostric- Tables 2, 3 and Fig. 8 Table 3 . The result is shown in Fig. 9 . for 3hr and then subjected to similar heat treatments. These specimens were used for magnetostriction measurements. The results obtained are summarized as follows:
Experimental results
(1) The crystal magnetic anisotropy K, of Ni-Mn alloys cooled at differing rates after high-temperature heating increases with increasing manganese concentration and becomes from a negative to positive value at about 20% manganese. In compositions of less than 20% manganese the value of K, is nearly independent of the heat treatment, but in compositions of more than about 20% manganese the value increases remarkably by baking at Ni-Mn alloys cooled at differing rates after high-temperature heating increases with increasing manganese concentration, changing from a negative to a positive value at about 19 manganese.
In compositions of less than about affected by the heat treatment, but at higher manganese concentrations the value decreases in proportion to the decrease in cooling rate.
When further baked at temperatures below the the composition range of about 18-24% manganese decreases with heating time, but the value increases in compositions of more than about 24% manganese.
The high permeability obtained with Ni-Mn alloys is considered to be due to the very low values of the, crystal magnetic anisotropy and the saturation magnetostriction.
